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[TITLE OF THE INVENTION] 

INK CARTRIDGE AND RECORDING APPARATUS 

[SCOPE OF C LAI ME FOR THE PATENT] 

1. A recording apparatus for an ink cartridge removably installed 
thereon at a predetermined position, comprising: 

an ink cartridge mount for installing said ink cartridge having first 
electrode for detecting whether said ink cartridge is installed on the 
predetermined position of said recording apparatus, memory means for 
reading and writing data corresponding to remaining ink amount, and second 
electrode for an information communication with said memory means; 

third electrode placed on said ink cartridge mount for detecting whether 
said ink cartridge is installed on the predetermined position of said ink cartridge 
mount by a connection with said first electrode when said ink cartridge is 
installed on said ink cartridge mount; 

fourth electrode placed on said ink cartridge mount for enabling a data 
communication with said memory means by a connection with said second 
electrode; and 

processing means for reading said data from said memory means via 
said second and fourth electrodes in case of detecting the connection between 
said first and third electrodes when said ink cartridge is installed on said ink 
cartridge mount, for updating said data according to a usage of ink based on 
said readout data, and for writing the updated data corresponding to said 
remaining ink amount into said memory means via said second and fourth 
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electrodes in case of detecting a disconnection between said first and third 
electrodes when said ink cartridge is removed from said ink cartridge mount; 

wherein the recording apparatus characterized in that said first, 
second, third and fourth electrodes are configured to have such relationship 
that the connection/disconnection position of said third electrode against said 
first electrode is different from that of said fourth electrode against said second 
electrode in an inserting direction of said ink cartridge so that said first and 
third electrodes become connected each other after said second and fourth 
electrodes are connected each other when said ink cartridge is installed on 
said ink cartridge mount, and so that said second and fourth electrodes 
become disconnected from each other after said first and third electrodes are 
disconnected from each other when said ink cartridge is removed from said ink 
cartridge mount. 

2. An ink cartridge removably installed at a predetermined position of 
an ink cartridge mount of a recording apparatus, comprising: 

first electrode for detecting whether said ink cartridge is installed on the 
predetermined position of said recording apparatus; 

memory means for reading and writing data corresponding to 
remaining ink amount; and 

second electrode for an information communication with said memory 

means; 

said recording apparatus having: 

third electrode placed on said ink cartridge mount for detecting 
whether said ink cartridge is installed on the predetermined position of said ink 
cartridge mount by a connection with said first electrode when said ink 
cartridge is installed on said ink cartridge mount; 

fourth electrode placed on said ink cartridge mount for enabling 
a data communication with said memory means by a connection with said 
second electrode; and 

processing means for reading said data from said memory 
means via said second and fourth electrodes in case of detecting the 
connection between said first and third electrodes when said ink cartridge is 
installed on said ink cartridge mount, for updating said data according to a 
usage of ink based on said readout data, and for writing the updated data 
corresponding to said remaining ink amount into said memory means via said 
second and fourth electrodes in case of detecting a disconnection between 
said first and third electrodes when said ink cartridge is removed from said ink 
cartridge mount; 

wherein said ink cartridge characterized in that said first, second, third 
and fourth electrodes are configured to have such relationship that the 
connection/disconnection position of said third electrode against said first 
electrode is different from that of said fourth electrode against said second 
electrode in an inserting direction of said ink cartridge so that said first and 
third electrodes become connected each other after said second and fourth 
electrodes are connected each other when said ink cartridge is installed on 
said ink cartridge mount, and so that said second and fourth electrodes 
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become disconnected from each other after said first and third electrodes are 
disconnected from each other when said ink cartridge is removed from said ink 
cartridge mount. 
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[DETAILED DESCRIPTION OF THE INVENTION] 
[FIELD OF THE INVENTION] 

The present invention relates to an ink cartridge and recording 
apparatus which the ink cartridge is installed thereon. The ink cartridge has a 
memory means capable of storing data corresponding to the remaining ink 
amount. 

[PRIOR ART] 

Japanese Unexamined Patent Publication No. 59-194853 discloses a 
recording apparatus of this kind. 

The recording apparatus has a structure that data corresponding to the 
remaining ink amount is mechanically or electrically output to the ink cartridge 
constantly according to the number of operations for using ink, and the ink 
cartridge mechanically or electrically stores the data while being installed on 
the recording apparatus. 

[PROBREM TO BE SOLVED] 

However, Japanese Unexamined Patent Publication No. 59-194853 
does not clearly disclose the structure of electrical connections between the 
recording apparatus and the ink cartridge when electrically outputting the data 
corresponding to the remaining ink amount. 

It is an objective of the present invention to provide an ink cartridge 
and recording apparatus that enable reliable data communications by setting 
the optimum timing for writing the data into the memory means of the ink 
cartridge and for reading the data from the memory means to the recording 
apparatus, in connection with the operations of installing and removing the ink 
cartridge to and from the recording apparatus, by specifying the structure of 
electric connections between the recording apparatus and the ink cartridge. 

[MEANS TO SOLVE THE PROBLEMS] 

The present invention provides a recording apparatus for an ink 
cartridge removably installed thereon at a predetermined position. The 
recoding apparatus includes an ink cartridge mount for installing said ink 
cartridge having first electrode for detecting whether said ink cartridge is 
installed on the predetermined position of said recording apparatus, memory 
means for reading and writing data corresponding to remaining ink amount, 
and second electrode for an information communication with said memory 
means; third electrode placed on said ink cartridge mount for detecting 
whether said ink cartridge is installed on the predetermined position of said ink 
cartridge mount by a connection with said first electrode when said ink 
cartridge is installed on said ink cartridge mount; fourth electrode placed on 
said ink cartridge mount for enabling a data communication with said memory 
means by a connection with said second electrode; and processing means for 
reading said data from said memory means via said second and fourth 
electrodes in case of detecting the connection between said first and third 
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electrodes when said ink cartridge is installed on said ink cartridge mount, for 
updating said data according to a usage of ink based on said readout data, 
and for writing the updated data corresponding to said remaining ink amount 
intd said memory means via said second and fourth electrodes in case of 
detecting a disconnection between said first and third electrodes when said ink 
cartridge is removed from said ink cartridge mount; wherein the recording 
apparatus characterized in that said first, second, third and fourth electrodes 
are configured to have such relationship that the connection/disconnection 
position of said third electrode against said first electrode is different from that 
of said fourth electrode against said second electrode in an inserting direction 
of said ink cartridge so that said first and third electrodes become connected 
each other after said second and fourth electrodes are connected each other 
when said ink cartridge is installed on said ink cartridge mount, and so that 
said second and fourth electrodes become disconnected from each other after 
said first and third electrodes are disconnected from each other when said ink 
cartridge is removed from said ink cartridge mount. 

Another aspect of the present invention is to provide an ink cartridge 
removably installed at a predetermined position of an ink cartridge mount of a 
recording apparatus, comprising: first electrode for detecting whether said ink 
cartridge is installed on the predetermined position of said recording 
apparatus; memory means for reading and writing data corresponding to 
remaining ink amount; and second electrode for an information communication 
with said memory means; said recording apparatus having: third electrode 
placed on said ink cartridge mount for detecting whether said ink cartridge is 
installed on the predetermined position of said ink cartridge mount by a 
connection with said first electrode when said ink cartridge is installed on said 
ink cartridge mount; fourth electrode placed on said ink cartridge mount for 
enabling a data communication with said memory means by a connection with 
said second electrode; and processing means for reading said data from said 
memory means via said second and fourth electrodes in case of detecting the 
connection between said first and third electrodes when said ink cartridge is 
installed on said ink cartridge mount, for updating said data according to a 
usage of ink based on said readout data, and for writing the updated data 
corresponding to said remaining ink amount into said memory means via said 
second and fourth electrodes in case of detecting a disconnection between 
said first and third electrodes when said ink cartridge is removed from said ink 
cartridge mount; wherein said ink cartridge characterized in that said first, 
second, third and fourth electrodes are configured to have such relationship 
that the connection/disconnection position of said third electrode against said 
first electrode is different from that of said fourth electrode against said second 
electrode in an inserting direction of said ink cartridge so that said first and 
third electrodes become connected each other after said second and fourth 
electrodes are connected each other when said ink cartridge is installed on 
said ink cartridge mount, and so that said second and fourth electrodes 
become disconnected from each other after said first and third electrodes are 
disconnected from each other when said ink cartridge is removed from said ink 
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cartridge mount. 
[FUNCTION] 

According to the present invention, when installing the ink cartridge on 
the recording apparatus, the second electrode of the ink cartridge and the 
fourth electrode of the recording apparatus become connected each other, 
then the first electrode of the ink cartridge and the third electrode of the 
recording apparatus become connected each other, thereby detecting the 
installation of the ink cartridge on the predetermined position. Therefore, when 
installing the ink cartridge on the recording apparatus, the data can be reliably 
read from the memory means by waiting for the ink cartridge to be installed 
completely, namely after reliable electric connections between the second and 
fourth electrodes is established. 

On the other hand, when removing the ink cartridge from the recording 
apparatus, the second and fourth electrodes become disconnected from each 
other after the first and third electrodes become disconnected from each other. 
Therefore, when removing the ink cartridge from the recording apparatus, the 
newest data at the time of removing the ink cartridge can be written in the 
memory means of the ink cartridge after the removal of the ink cartridge from 
the recording apparatus is detected by the disconnection between the first and 
third electrodes. 

[EMBODIMENT] 

Referring now to the drawings, the details of an embodiment of the 
present invention is described. 

Figures 1A and 2B illustrate, an embodiment of the present invention, 
the outline of the ink cartridge, where reference numeral 1 indicates an ink 
cartridge body for storing the ink tube 2, reference numeral 3A indicates the 
memory unit for the remaining ink amount storing the nonvolatile memory 3 to 
store the remaining ink amount in a rewritable form, and reference numeral 4 
indicates the electrode used for supplying power to the rewritable nonvolatile 
memory 3, writing data into it and reading data from it. 

In addition, Figures 2A and 2B illustrate the structure of the housing of 
the ink cartridge 1 in the recording apparatus, where reference numeral 6 
indicates connecting electrodes provided on the upper surface of the ink 
cartridge housing 7. Reference number 8 is a suction needle to draw ink from 
the ink tube 2 when the cartridge 1 is installed on the housing 7. Reference 
number 9 is the protective panel so that the needle 8 will not be damaged by 
the insertion of a foreign object except for the ink cartridge in the ink cartridge 
housing 7. When the cartridge 1 is inserted in the housing 7, the suction 
needle 8 is inserted into the ink tube 2, and at the same time the connecting 
electrodes 6 and the electrodes 4 on the cartridge 1 become connected with 
each other. In this case, it is obvious from the relations shown in Figures 1 B 
and 2B that the facing electrodes 4 and 6 are in sliding contact with each other. 
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Moreover, it is obvious from Figures 1A and 2A that the electrodes 4 
and 6 are offset from the center of the upper surface of the ink cartridge body 
when viewing from the direction of inserting the ink cartridge 1 in the ink 
cartridge housing 7. Therefore, for example, when the ink cartridge 1 is 
inserted into the ink cartridge housing 7 by mistake by reversing its directions 
as to the right-and-left direction of Figure 1B, a malfunction due to a contact 
between the electrodes 4 and 6 is prevented. Reference numeral 10 indicates 
a lever to pull out the cartridge 1 . 

With reference to Figure 3, the structure of the electrodes 4 of the 
cartridge and the electrodes 6 of the recording apparatus is shown. Terminals 
groups are placed in the opposite positions of both electrodes 4 and 6, which 
can electrically connect mutual control signal wires such as CE, +V and GND 
of a line system to supply power to the nonvolatile memory 3, address buses 
Dl and DO to supply the writing address of data, RC and STR to output 
instruction signals for reading and writing of memory contents, IS to output 
detection signals whether the ink cartridge is installed at the predetermined 
position, and also SK to supply clock signals. 

Figure 4 illustrates an example of the configuration of a control circuit 
to detect the remaining ink amount, where reference numeral 11 indicates the 
recording apparatus control unit, reference numeral 12 indicates a RAM, 
reference numeral 13 indicates a subtracter, and reference numeral 14 
indicates a group of operation switches for the recording apparatus. Next, the 
operation of detecting remaining ink amount by such control circuit will be 
described. The moment the power switch of the recording apparatus is turned 
on and the recording apparatus begins its operations, in the recording 
apparatus control unit 11, contents of the rewritable and nonvolatile memory 3 
attached to the ink cartridge 1 via the connection part of the electrodes 4 and 
6, namely data on remaining ink amount, is read out and written into the 
memory 12 of the recording apparatus body. Then, when printing starts by 
pressing the print switch of a group of operation switches 14 of the recording 
apparatus, for example, the remaining ink amount data is subtracted line by 
line with the subtracter 13. The value to be subtracted is set corresponding to 
the ink usage amount for one line of printing and the ink usage amount for 
pumping to recover from nondischarge of ink, and so forth. 

Thus, the data concerning remaining ink amount is subtracted with the 
ink usage, and when the remaining ink amount reaches to zero, for example, 
the alarming of no remaining ink amount can be displayed with the recording 
apparatus control unit 11. 

Timing of writing the count value of remaining ink amount in the 
rewritable and nonvolatile memory 3 attached to the ink cartridge 1 is 
performed at the time when the removal of the ink cartridge 1 is detected by 
means of the electrode IS to detect whether the ink cartridge 1 is kept at the 
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predetermined position. 

Also, when the ink cartridge is removed from the recording apparatus 
during recording, as the remaining ink amount is written at the time of its 
removal, the value of the remaining ink amount is read by the recording 
apparatus control unit at the time when the ink cartridge 1 is installed again, 
and thus the above operations continue. 

For the nonvolatile memory as a rewritable memory means to be 
attached to the ink cartridge 1 concerning the present invention, not only 
electric memory but also magnetic or optical memory may be used. As an 
example of magnetic memory, the purpose of the present invention may be 
achieved by pasting a magnetic tape on the ink cartridge 1 and by attaching a 
movable magnetic head to the recording apparatus. Alternatively, rewriting 
may be performed by optical means using EPROM (magneto-optic memory) 
for the memory 3. 

When the ink cartridge 1 is removed from the said recording 
apparatus, as the electric connection between the recording apparatus body 
and the ink cartridge 1 is disconnected at the IS, the recording apparatus body 
can detect that the ink cartridge 1 is not installed, and its succeeding recording 
can be prevented beforehand. Therefore, various problems arising from 
performing the recording with the ink cartridge 1 removed can be prevented. 

Meanwhile, as mentioned above, the fact that the count value of the 
remaining ink amount is written in the nonvolatile memory 3 after the removal 
of the ink cartridge 1 has been detected using the terminal IS is that in case of 
the removal of the ink cartridge 1, first a pair of electrodes IS become 
disconnected from each other to detect the removal of the ink cartridge 1 from 
the recording apparatus, and then other pairs of electrodes (CE, SK, Dl, DO, 
RC, STR, +V, GND) become disconnected from each other as clearly seen iii 
Figure 3 also. Therefore, as the newest data can be written into the memory 3 
when the ink cartridge 1 is removed and the data is written only when the ink 
cartridge 1 is removed, compared from the case that data is regularly written in 
the memory 3 during recording, the function of control units such as the CPU 
of the recording apparatus is not restricted during recording, and there is no 
possibility of a decrease in recording speed. 

On the other hand, when the cartridge 1 is inserted in the housing 7, a 
pair of electrodes IS become connected each other after other pairs of 
electrodes (CE, SK, Dl, DO, RC, STR, +V, GND) have become connected 
each other. Therefore, even if pairs of electrodes (CE, SK, Dl, DO, RC, STR, 
+V, GND) are connected with the installation of the cartridge 1 halfway done, a 
pair of electrodes IS are not connected, and a pair of electrodes IS are 
connected only after the cartridge 1 has been installed completely. For this 
reason, as data can reliably be read from the memory 3 by waiting for pairs of 
electrodes (CE, SK, Dl, DO, RC, STR, +V, GND) to be securely connected 
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without wobbling, there arises no possibility of errors in the operations of 
reading data from the memory 3 due to incomplete connections between pairs 
of electrodes (CE, SK, Dl, DO, RC, STR, +V, GND). Also recording operations 
with the incomplete installation of the cartridge 1, which is to cause incomplete 
ink supply, can be avoided. If recording operations are done with such 
incomplete installation, there arises a discrepancy in the correspondence 
relation between the data to be written in the memory 3 in case of removing 
the cartridge 1 and the remaining ink amount of the cartridge 1 , and incorrect 
data may be written in the memory 3, by which there is a possibility that the 
remaining ink amount may not be controlled. However, such possibility also 
can be avoided in accordance with the present invention. 

As an additional remark, in these embodiments explained above, the 
control of the remaining ink amount can be performed separately for each ink 
cartridge and an alarming for the remaining ink amount can always be given 
accurately even if the cartridge is installed again, because rewritable storage 
memory has been provided in the ink cartridge, ink usage is calculated in the 
recording apparatus body, and the remaining ink amount can be rewritten in 
the memory in case of removing the ink cartridge from the recording 
apparatus. 

[EFFECT OF THE INVENTION] 

As explained above, according to the present invention, when installing 
the ink cartridge on the recording apparatus, first of all as installing the ink 
cartridge on its predetermined position is detected by a connection between 
the first electrode of the ink cartridge and the third electrode of the recording 
apparatus after the second electrode of the ink cartridge and the fourth 
electrode of the recording apparatus become connected each other, data can 
be read from the memory means by waiting for the ink cartridge to be installed 
incompletely, namely after reliable electric connections have been achieved 
between the first and fourth electrodes, enabling the precise understanding of 
the remaining ink amount in the recording apparatus as well as the prevention 
of ill-recording problems in case of recording operations with the incomplete 
installing of the ink cartridge which causes incomplete ink supply. 

Moreover, when removing the ink cartridge from the recording 
apparatus, the newest data at the time of removing the ink cartridge can be 
written in the memory means of the ink cartridge after having detected the 
removal of the ink cartridge from the recording apparatus by a disconnection 
between the first and third electrodes, because the second and fourth 
electrodes become disconnected from each other after the first and third 
electrodes have become disconnect from each other. Consequently, the 
control of remaining ink amount can be performed separately for each ink 
cartridge and correct data without errors can be sent to the recording 
apparatus when the ink cartridge is installed on the recording apparatus again. 
Also as data are written only when the ink cartridge is removed, compared 
from the case that data is regularly written in the memory means during 
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recording, the function of control units such as the CPU of the recording 
apparatus is not restricted during recording, and there is no possibility of a 
decrease in recording because of no interruption of recording by writing data. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Figures 1A and 1B are perspective and sectional views, respectively, 
illustrating an example of the structure of an ink cartridge of the present 
invention. 

Figures 2A and 2B are perspective and sectional views, respectively, 
shown by seeing through an ink cartridge housing of a recording apparatus 
body in accordance with the present invention. 

Figure 3 is an explanatory diagram of electrodes attached to the ink 
cartridge and the ink cartridge housing. 

Figure 4 is a configuration diagram of a control circuit for detecting 
remaining ink amount in accordance with the present invention. 

1 ...ink cartridge 
2. ..ink tube 

3... rewritable nonvolatile memory 

3A... memory unit 

4... electrode 

6... connecting electrode 

7.. .ink cartridge housing 

8. ..suction needle 

11. ..recording apparatus control unit 
12.. .memory 
13. ..subtracter 
14.. .switch group 



